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Description 

BACKGROUND OF THE INVENTION 



conditions to avoid machining difficulties associated with convenfonal high hardness alloys. 

alloy carbides for better wear resistance. Therefore, carbon is an essent.a. element and 
is normally higher than 0^1 wt t % in ^ ^ resjstant g|loys ^ 

JSTtoSSim- *ys, m»< of -4-30 wt % m *bden u ro. M2«« chromium, OM «t % *.«». »»<■ 
ir » 4 Sr^croL^^U combed o, , W S pe« «. s,,., ro.«, 

and Ipss than 40 wt % combined total of nickel, chromium and/or cobalt. 

?0007] ™ es e tort two references describe the method of making the a.loys by adding a certain amount of ha da. oy 
..toys pS-uc. .n*. crop—. b.c„se silicon , M rooiybd.nuro =on..n B ,n «h h.gh 

SUMMARY OF THE INVENTION 

100091 iron base alloys have been invented that have good wear resistance. One aspect of the invention incudes 

ativelv low temperatures. The alloys also have high sliding wear resistance and h.gh hardness at 

SSte cost of the alloys is significantly lower than commercially availab.e coba.t base a.loys, such as Stelhte® and 

1 ©Registered Trademark of Deloro Stellite Company Inc. 
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Tribaloy® . In one aspect, the present invention is an alloy with the following composition: 
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Element 


wt. % 


Carbon 


less than 0.1 


Silicon 


1.5-3 


Chromium 


6-15 


Molybdenum 


18-32 


Cobalt 


8-15 


Nickel 


less than 0.5 


Iron 


at least 40. 



[0010] Optionally, the inventive alloys do not need to contain cobalt when they are to be used for applications where 
the working temperature is too low to generate any hardening effect in the alloy, such as 600°F (316°C). For this use, 
the inventive alloys preferably have the following composition: 
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Element 


Wt. % 


Carbon 


less than 0.1 


Silicon 


1.5-3 


Chromium 


6-15 


Molybdenum 


29-36 


Cobalt 


0-15 


Nickel 


0-14 


Iron 


at least 40. 



[0011] Further optionally, the inventive alloys contain nickel in an amount of 3-14 wt % to totally or partially replace 
cobalt for applications where the working temperature is too high (over 1000°F) (538°C) to keep the hardening effect 
promoted by cobalt in the alloy. Under such conditions, molybdenum content should be limited to 26 - 36 wt % in order 
to achieve maximum wear resistance of the inventive alloys. In this aspect, the preferred inventive alloys have the 
following composition: 
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40 



Element 


Wt. % 


Carbon 


less than 0.1 


Silicon 


1.5-3 


Chromium 


6-15 


Molybdenum 


26-36 


Cobalt 


0-15 


Nickel 


3-14 


Iron 


at least 40. 



[0012] In another aspect of the invention, metal components are either made of the alloys, such as by casting, or 
45 using powder metallurgy methods, such as by forming the component from a powder and sintering. Furthermore, the 
alloys may be used to hardface components as a protective coating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0013] 

FIG. 1 is a graph showing the effect of nickel content on hot hardness of sample alloys of the invention. 
FIG. 2 is a graph showing the effect of cobalt content on hot hardness of sample alloys of the invention. 
FIG. 3 is a graph showing the hot hardness of a sample alloy of the invention compared to several commercially 
55 available alloys. 



3 



EP1 172 452 A2 

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED EMBODIMENTS OF THE INVENTION 

■■■■■ 
■■■I 

S 6 T^^ are deschbed be.ow. The nomina. composition of sampie alloys 

^33 E sTe of wht°are Invent a.loys and some of which are compare) and four ^P^^J 

leX^ceT in the table so that its composition can be easily compared to other sample alloy groups.) 

Table 1 



Alloy Chemical Compositions (wt %) 



Sample Alloy Number 



c 


Si 


Cr 


Mo 


Fe 


Co 


Ni 


0.05 


2.0 


8.0 


15.0 


75.0 






0.05 


2.0 


8.0 


22.0 


68.0 






0.05 


2.0 


8.0 


24.0 


66.0 






0.05 


2.0 


8.0 


26.0 


64.0 






0.05 


2.0 


8.0 


28.0 


62.0 






0.05 


2.0 


8.0 


30.0 


60.0 






0.05 


2.0 


8.0 


32.0 


58.0 






0.05 


2.0 


8.0 


35.0 


55.0 






0.05 


2.0 


8.0 


40.0 


50.0 






0.05 


0.5 


8.0 


30.0 


61.5 






0.05 


1.0 


8.0 


30.0 


61.0 






0.05 


1.5 


8.0 


30.0 


60.5 






0.05 


2.0 


8.0 


30.0 


60.0 






0.05 


2.5 


8.0 


30.0 


59.5 






0.05 


3.0 


8.0 


30.0 


59.0 






0.05 


4.0 


8.0 


30.0 


58.0 






0.05 


2.0 


8.0 


30.0 


60.0 






0.05 


2.0 


8.0 


30.0 


57.0 


3.0 




0.05 


2.0 


8.0 


30.0 


54.0 


6.0 





Other 



1 (comparative) 

2 (comparative) 

3 (comparative) 

4 (comparative) 

5 (comparative) 
6 

7 
8 

9 (comparative) 

10 (comparative) 

11 (comparative) 
12 

6 

13 
14 

15 (comparative) 

6 

16 

17 
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Table 1 (continued) 



Alloy Chemical Compositions (wt %) 



Sample Alloy Number 


C 


Si 


Cr 


Mo 


Fe 


Co 


Ni 


Other 


1 ft 

lo 


U.Uo 


9 ft 

z.u 


A ft 
o.U 


ift ft 
ou.u 


Ol .u 


Q ft 

y.u 






-1 O 


ft ft<^ 


9 ft 

z.u 


ft ft 
o.U 


1ft ft 

ou.u 


Aft ft 
'♦O.U 


19ft 

l z.u 






ZU 


ft ft*? 
u.uo 


9 ft 
Z.U 


ft ft 

O.U 


in n 
ou.u 


A7 ft 
*♦ f .u 


19ft 


1 n 

1 .u 




91 
Zl 


ft 

U.UO 


9 ft 
Z.U 


ft ft 

o.U 


1ft ft 

ou.u 


Aft ft 


R ft 
O.U 


£ ft 
O.U 




6 


0.05 


2.0 


8.0 


30.0 


60.0 


- 






99 
zz 


ft ft*? 
u.uo 


9 ft 
Z.U 


ft ft 

O.U 


ift ft 
ou.u 


<?7 ft 
Of .u 




1 ft 
O.U 




ZO 


ft ft*? 

u.uo 


9 ft 
Z.U 


ft ft 
O.U 


1ft ft 

ou.u 


RA ft 
0*KU 




ft ft 
O.U 




Z*f 


ft r\R 
u.uo 


9 ft 
Z.U 


ft ft 
O.U 


1ft ft 
ou.u 


Aft ft 
HO.U 




19ft 
I Z.U 




25 


0.05 


2.0 


8.0 


28.0 


50.0 


12.0 


- 




26 


0.05 


2.0 


8.0 


20.0 


58.0 


12.0 


- 




27 (comparative) 


0.05 


2.0 


8.0 


20.0 


62.0 


8.0 






28 


0.05 


2.0 


8.0 


27.0 


60.0 


- 


3.0 




29 


0.05 


2.0 


8.0 


27.0 


54.0 


6.0 


3.0 




30 (comparative) 


0.05 


2.0 


8.0 


25.0 


60.0 






W:5% 


31 (comparative) 


0.05 


2.0 


8.0 


20.0 


60.0 






W:10% I 


32 (comparative) 


0.05 


2.0 


8.0 


20.0 


50.0 






W:20% 


33 (comparative) 


0.05 


2.0 


8.0 


5.0 


60.0 






W:25% 


Commercial Alloy Number (Trade Name) 


C 


Si 


Cr 


Mo 


Fe 


Co 


Ni 


Other 


34 (Tribaloy® T400) 


0.08 


2.6 


8.5 


28.5 




60.4 






35 (Tribaloy® T800) 


0.08 


3.4 


17.5 


28.5 




50.6 






36 (Stellite® 3) 


2.4 




30 




2.0 


50.8 


2.0 


12.8(W) 


37 (M2 tool steel) 


1.6 


1.30 


0.50 


4.0 


6.5 


79.1 




5.5(W)1.5(V) 



10 



15 



20 



25 



35 



40 



45 



50 



55 



[0017] Sample alloys Nos. 1-9 contain 0.05 wt % C, 2.0 wt % Si, 8.0 wt % Cr, 15.0- 40.0 wt % Mo, and the balance 
being iron with a small amount of impurities. Sample alloys Nos. 10-15 have compositions of 0.05 wt % C, 8.0 wt % 
Cr, 30.0 wt % Mo, 0.5-4.0 wt % Si, and the balance being iron with a small amount of impurities. Sample alloys Nos. 
16-21 contain 0.05 wt % C, 2.0 wt % Si, 8.0 wt % Cr, 30.0 wt % Mo, 3.0-12.0 wt % Co, and the balance being iron with 
a small amount of impurities. Sample alloy No. 20 also contains 1.0 wt % Ni and sample alloy No. 21 contains 6.0 wt 
% Co and 6.0 wt % Ni. Sample alloys Nos. 22-24 contain 0.05 wt % C, 2.0 wt % Si, 8.0 wt % Cr, 30.0 wt % Mo, 3.0-1 2.0 
wt % Ni, and the balance being Fe and a small amount of impurities. Sample alloys Nos. 25-29 contain 0.05 wt % C, 
2.0 wt % Si, 8.0 wt % Cr, 20.0-28.0 wt % Mo, 0-12.0 wt % Co, 0-3.0 wt % Ni, and the balance being Fe and a small 
amount of impurities. Sample alloys Nos. 30-33 contain 0.05 wt % C, 2.0 wt % Si, 5.0-25.0 wt % Mo, 5.0-25.0 wt % 
W, and the balance being iron and a small amount of impurities. Sample alloys Nos. 34-37 are commercially available 
alloys. Specimens of the above sample (inventive and comparative) and commercial alloys were cast and machined 
for hot hardness and wear tests. 

[0018] A high temperature pin-on-disk wear tester was used to measure the sliding wear resistance of the alloys, 
because sliding wear is the common wear mode in valve seat inserts wear due to the relative sliding motion of valve 
against valve seat inserts in internal combustion engines. The pin specimens were made with dimensions of 6.35 mm 
diameter and approximate 25.4 mm length out of Eatonite 6 alloy from the Eaton Corporation of Marshall, Ml, which 
nominal contains 1 .30% C, 1 .42% Si, 29.0% Cr, 4.6% Mo, 0.5% Mn, 1 6.0% Ni and the balance iron. The disk specimens 
were made of sample alloys having dimensions of 50.8 mm in diameter and in 12.5 mm in thickness. The tests were 
performed with reference to ASTM G99-90 at 800°F (427°C). The disk was rotated at a velocity of 0.13 m/s for a total 
sliding distance of 510 m. The applied pressure was 5.0 psi (3.52 x 10' 3 Kg/mm 2 ). This speed was chosen because it 
is believed to give wear test results that have a good correlation to valve seat wear in a typical internal combustion 
engine. The weight loss was measured on both the pin and the disk samples after each test using a balance with 0.1 
mg precision. Eatonite 6 was used as the pin alloy because it is a common valve facing alloy. In addition to the sample 
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M^'»>^'^^"^ a '^^°^°^^^Zl^L otm. testing material: th. low" 

present invention will preferably have a loss of less than 50 milligrams. 

Table 2 



Wear Test Results 



Sample Alloy 



1 (Mo 15%) 

2 (Mo 22%) 

3 (Mo 24%) 

4 (Mo 26%) 

5 (Mo 28%) 

6 (Mo 30%) 

7 (Mo 32%) 

8 (Mo 35%) 

9 (Mo 40%) 

10 (Si 0.5%) 

11 (Si 1.0%) 

12 (Si 1.5%) 
6 (Si 2.0%) 

13 (Si 2.5%) 

14 (Si 3.0%) 

15 (Si 4.0%) 

6 (Mo 30%, Co 0%) 

16 (Mo 30%, Co 3%) 

17 (Mo 30%, Co 6%) 

18 (Mo 30%, Co 9%) 

19 (Mo 30%, Co 12%) 

20 (Mo 30%, Co 12%, Ni 1%) 

21 (Mo 30%, Co 6%, Ni 6%) 



(Weight Loss, mg) 


Sample Alloy 


1 Weight loss, 


409.8 


6 (Mo 30%, Ni 0%) 


43.2 


351.9 


22 (Mo 30%, Ni 3%) 


20.5 


169.7 


23 (Mo 30%, Ni 6%) 


21.4 


156.4 


24 (Mo 30%, Nil 2%) 


16.6 


70.2 




11.8 


43.2 


25 (Mo 28%, Co 12%) 


28.2 


26 (Mo 20%, Co 12%) 


21.3 


21.8 


27 (Mo 20%, Co 8%) 


203.2 


60.3 


28 (Mo 27%, Ni 3%) 


31.1 




29 (Mo 27%, Co 6%, Ni3%) 


13.6 


235.8 




71.0 


159.7 


30 (Mo 25%, W 5%) 


35.4 


31 (Mo 20%, W10%) 


590.6 


43.2 


32 (Mo 20%, W 20%) 


200.8 


33.3 




451.8 


42.4 


33 (Mo 5%, W 25%) 


55.5 




20.8 




34 (Tribaloy T400) 


43.2 


35 (Tribaloy T800) 


16.6 


26.9 




21.3 


16.2 


26 (Mo 20%, Co 12%) 


12.3 


26*(Mo 20%, Co 12%) 


9.5 


8.0 






8.9 






I 8.9 







26*: precipitation hardened at 800 °F <427°C) for 6 hours. 

[0019] Molybdenum is one of the most important elements in the inventive alloys, as it determines £^<££ 

=S£=SSS=si 

weaMoss is ^SSSl-SToomm-d- alloys, alloys No. 34-35. Hence, to achieve excellent wear resistance 
mo^hd n m must be equal to or greater than 29 wt % in the inventive alloy when there .no, ^ « mMoHM 
To the .Hoy. Further increasing molybdenum content to 40 wt % causes a severe ^ 
higher molybdenum (40 wt %) does not provide any ^^jJJ^^^i^S Moreor 

Po] Silicon is another important element affecting wear resistance of the '."ventive aOoys. Is 
-15 with seven different si.icon contents were used to determine the optima. sH.con^ range for ^invenhve aHoys^ As 
indicated in Table 2, sample alloys Nos. 10 -11. with a silicon content between 0.5 wt % and 1.0 wt /o, have poor wear 
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resistance. Sample alloys with 1 .5 wt %, 2.0 wt %, and 2.5 wt % silicon demonstrate excellent wear resistance. However, 
as silicon content in the alloys exceeds 3.0 wt %, wear resistance of the inventive alloys decrease (sample alloys Nos. 
1 4-1 5). Higher silicon content also causes castings made of the alloys to be extremely brittle. Thus, the optimum silicon 
range of the inventive alloys is between 1.5 wt % and 3.0 wt %; more preferably between 1.5 wt % and 2.5 wt %. 

5 [0021] Tungsten and molybdenum are two refractory elements that are generally believed to be interchangable as 
to their effects on the properties of tool steels. However, the present inventors found that molybdenum is much more 
effective than tungsten in improving the wear resistance of the inventive alloys. Wear tests for sample alloys No. 30-33, 
in which molybdenum is partially replaced by tungsten with 5.0 wt %, 10.0 wt %, 20.0 wt %. and 25.0 wt % compared 
to sample alloy No. 6, show that wear resistance is much worse when tungsten replaces molybdenum. Therefore, 

10 tungsten is not considered to be interchangeable with molybdenum in the present invention, and is preferably limited 
to less than 5 wt % to obtain the maximum wear resistance in the alloys. 

[0022] Current experimental study indicates that additions of cobalt and/or nickel to the inventive alloys can greatly 
increase the high temperature wear resistance of the alloys. Sample alloys Nos. 22-24 with 3.0 wt %, 6.0 wt %, and 
12.0 wt % nickel show significant improvement of wear resistance over sample alloy No. 6, where the nickel content 

15 is zero (Table 2). Sample alloys Nos. 16-19 contains 3.0 wt %, 6.0 wt %, 9.0 wt % and 12.0 wt % cobalt. The wear test 
results show that the wear resistance of the sample alloys Nos. 16-19 is much better than that of sample alloy No. 6, 
where cobalt content is zero. The wear resistance also increases with the increase of cobalt content in the alloys from 
zero to 12.0 wt % (Table 2) according to the tests. Sample alloys Nos. 20-21 contain both cobalt and nickel elements. 
The wear resistance of these two sample alloys is also better than sample alloy No. 6, where cobalt and nickel content 

20 are zero. Table 2 also shows that the wear resistance of sample alloys containing some cobalt and/or nickel elements, 
such as sample alloys Nos. 19-21, is better than the much more expensive cobalt base commercial alloys (Nos. 34-35). 
[0023] As indicated in the previous sections, molybdenum content must be in the range of 30 wt % to 35 wt % to 
achieve good wear resistance in one aspect of the inventive alloys, and additions of cobalt and/or nickel can further 
increase the wear resistance of the inventive alloys. However, it is desirable to use lower molybdenum content for 

25 better machining properties and better ductility for other aspects of the inventive alloys. Sample alloys Nos. 25-29 
contain 20.0 to 28.0 wt % of molybdenum with various amounts of cobalt and/or nickel elements. Sample alloys Nos. 
25, 28 and 29 contain 27.0-28.0 wt % molybdenum with at least 3.0 wt % of cobalt and/or nickel elements, and these 
example alloys have better wear resistance than that of sample alloy No. 6. Furthermore, the test results indicate that 
molybdenum content can be even lower, down to 20 wt %, with the addition of 12 wt % cobalt. The wear resistance of 

30 sample alloy No. 26 is better than that of sample alloy No. 6 containing 30.0 wt % molybdenum (Table 2). Less cobalt 
will result in a decrease of wear resistance in the alloys as shown in sample alloy No. 27 with 20.0 wt % molybdenum 
and 8.0 wt % cobalt elements in which the wear resistance is much worse than that of sample alloys No. 25 (Table 2). 
[0024] Valve seat insert wear caused by repeated indentations is another common wear mode in many internal 
combustion engines. Increasing the hardness of valve seat insert alloys can effectively reduce this type of wear. 

35 [0025] Using electrochemical extraction technique to separate the hard phase from the matrix of sample 25, the 
structures of the hard phase were identified by the X-ray diffraction method. It was found that two types of intermetallic 
compounds exist in the sample of the inventive alloy, Fe 2 Mo and Fe 63 Mo 37 . The amount of Fe 2 Mo is slightly higher 
than the amount of Fe 63 Mo 37 . The chemical compositions of the hard phase were determined by energy dispersive 
spectroscopy analysis under a scanning electron microscope. The hard phase was found to contain 38.8% Mo, 42.1% 

*o Fe, 7.0% Cr, 9.3% Co, 2.6% Si, and other trace elements. The hardness of the hard phase in the inventive alloys is in 
the range of 1100 to 1400 kg/mm 2 measured by a Knoop type microhardness tester under a 50 gram load. 
[0026] Hot hardness was measured for several sample alloys and three commercially available alloys in a Vickers 
type hardness tester at various temperatures. Ring specimens with a 45 mm outer diameter, a 32 mm inner diameter, 
and a 5 mm thickness were used as hot hardness specimens. 

45 [0027] All specimens were ground using Nos. 180, 400 and 600 SiC sand papers, then polished with 6u.m diamond 
paste and 0.02 urn alumina slurry respectively. The specimen and the indenter were kept at the desired temperature 
for 30 minutes under argon atmosphere to ensure uniform temperature in both the specimen and indenter. The Vickers 
indenter is made of sapphire with a 136 degree face angle. According to ASTM Standard Test Method E92-82, 10-15 
indentation tests were made along each ring specimen surface. The two indentation diagonals of each indentation 

50 were measured using a filar scale under a light microscope and the values converted to a Vickers hardness number 
using ASTM E1 40-78 Standard Hardness Conversion Tables for Metals. The average hardness of the specimens at 
the various temperatures are given as converted to Rockwell C hardness. 

[0028] Figures 1 and 2 show the effects of nickel and cobalt additions on the hot hardness of this type of alloy. In 
the temperature range of room temperature to 800°F (427°C), Figure 1 shows that the addition of 3.0 wt % nickel 
55 increases hardness about 2 points in Rockwell C scale compared to the same alloy with no nickel. The addition of 6.0 
wt % nickel has little effect on hot hardness of the alloy. When nickel content reaches 12.0 wt %, the whole hardness- 
temperature curve shifts downward because of the softer austenitic matrix formed, as shown for sample alloy No. 24. 
Thus, it can be concluded that nickel has little contribution to the hot hardness of the alloy even when the amount of 
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jKkMtons^rfSM) wl % and 6.0 wt % have little effect on the hardness-temperature curve. However, as the cobalt content 

nlghe! 3 and TrLloy® T400 at temperature be,ow 1200°F (649=0. wh.ch ,s much h.gher than the 

EiSSE^TSSX. which the machining ability is aiready very poor. One solution to the prob em 
w TaCwi* low temperature precipitation hardening ability, so that the hardness of the Tin.sh ^vah/esej 
Tsert wnUncSe after being exposed to typical exhaust working temperatures. Normally stee has ^ be heatedto 
about UOO 1?00»F (760-816°C) and then quenched to produce such hardening. A un.que feature of the preferred 
fn^entive alloys is Lt the hardness of the alloys can increase significantly when exposed to temperatures the range 
of 8oTf f 427 y oC IS greater, and without quenching. This is especially beneficial *£^™2£r£ 
seat inserts, since the working temperatures of exhaust valve seat inserts are generally around 800 F (427 C). 

=„teo7doS:.==,^rs,=^^^^ 

a RockweU C type hardness tester using ASTM Standard Test Method E18-59T at room temperature and after being 
heated^f800°F (42?°C) for two hours and cooled to room temperature. The average hardness of the specimens and 
me <£rt^ change) are reported in Table 3, which is a summary of the precipitation hardenmg results 
at 800° F (427°C) for two hours. 



Table 3 



Low temperature hardening test results (2 hours) 



Sample Alloy 


Hardness at Room Temp. 
(Rc) 


Hardness after precipitation 
treatment (Rc) 


Hardness Change (Rc) 


6 (Mo 30%, Co 0%, Ni 0%) 


50.5 


51.6 


1.1 


16 (Mo 30%, Co 3%, Ni 
0%) 


51.8 


53.0 


1.2 


17 (Mo 30%, Co 6%, Ni 
0%) 


53.7 


55.2 


1.5 


18 (Mo 30%, Co 9%, Ni 
0%) 


58.3 


63.6 


5.3 


19 (Mo 30%. Co 12%, Ni 
0%) 


60.8 


67.6 


6.8 


20 (Mo 30%, Co 12%, Ni 
1.0%) 


54.9 


56.4 


1.5 


27 (Mo 20%, Co 8%, Ni 
0%) 


45.0 


46.9 


1.9 


26 (Mo 20%, Co 12%, Ni 
0%) 


53.3 


62.7 


9.4 


22 (Mo 30%, Co 0%, Ni 
3%) 


54.3 


54.0 


-0.3 


23 (Mo 30%, Co 0%, Ni 
I 6%) 


j 54.0 


54.2 


0.2 
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Table 3 (continued) 



Low temperature hardening test results (2 hours) 


Sample Alloy 


Hardness at Room Temp. 
(Rc) 


Hardness after precipitation 
treatment (Rc) 


Hardness Change (Rc) 


24 (Mo 30%, Co 0%, Ni 
12%) 


47.3 


47.4 


0.1 


34 (Tribaloy® T400) 


53.1 


53.0 


-0.1 


35 (Tribaloy® T800) 


56.0 


55.3 


-0.7 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



[0034] It is clear that when cobalt content is equal to or less than 8.0 wt % , little precipitation hardening was observed, 
as shown in sample alloys Nos. 6, 16 and 17, in which the highest hardness gain is less than 1.9 Rc. As the cobalt 
content increases to 9.0 wt % (sample alloy No. 18), the precipitation hardening effect becomes more obvious, and 
using 12.0 wt % cobalt results in an alloy (sample alloy No. 19) that had an increase in its hardness by nearly 7 points 
in Rockwell C scale compared to its original hardness. Sample alloy No. 26, also with 1 2.0 wt % cobalt but with a lower 
molybdenum content, had an even higher precipitation hardening effect; its hardness increased by about 9 points in 
Rockwell C. Its wear resistance also increased substantially as shown for sample alloy No. 26 with precipitation treat- 
ment in Table 2. 

[0035] Addition of nickel (sample alloys No. 22-24) virtually eliminates any hardening effects in the alloys. In fact, 
even 1 .0 wt % nickel can reduce the hardening effect promoted by the addition of cobalt (sample alloy No. 20). Thus, 
nickel content should be limited to 0.5 wt % and cobalt should exceed 6.0 wt % in order to get the desirable hardening 
effect in the inventive alloys that will be used at temperatures above 600°F (31 8°C). Preferably the total of molybdenum 
and cobalt will exceed 28% for these types of alloys. 

[0036] The oxidation resistance of the inventive alloys was determined using the weight gain method. The size of 
the oxidation specimen was 12.7 mm in diameter and 25.4 mm in length. The specimens were cleaned in an ultrasonic 
cleaner containing alcohol. Each specimen was kept in a magnesia crucible and placed in a furnace at 800°F (427°C). 
The specimens with crucibles were cooled to room temperature in a desiccator to keep the specimens from absorbing 
moisture. The weight of the specimen and the crucible were measured using a balance with precision of 0.1 mg. This 
process was repeated at certain intervals to measure the oxidation rate. The average oxidation rate for a 500 hour test 
is given in Table 4. 

Table 4 



Alloy 


Average Oxidation rate 10 -3 (g/m 2 .hr.) 


Sample No. 6 
M2 tool steel 


1 .3508 
6.7653 



[0037] It is clear that the oxidation rate of the inventive alloy is much lower than that of M2 tool steel. The ratio of the 
oxidation rate of the two materials is about 1 :5. The good oxidation resistance of the inventive alloys is due to the fact 
that a higher chromium content is approximately evenly partitioned between the hard phases and matrix of the inventive 
alloys, forming a continuous protective film when exposed to high temperature environments. This also improves the 
sliding wear resistance of the alloys as indicated previously. Therefore, the inventive alloys are more suitable for high 
temperature wear resistant applications than common tool steels. It is expected that cobalt base alloys like Stellite® 
3 and Tribaloy® T800 would only produce a negligible amount of weight change in the present oxidation condition due 
to their excellent oxidation resistance; thus, oxidation tests were not run on these alloys. 

[0038] To summarize, the alloys of the present invention all have less than about 0.1 wt % carbon; between about 
1 .5 and about 3 wt %, preferably between about 1 .5 and about 2.5 wt % silicon; and about 6 to about 1 5 wt %, preferably 
about 6 to about 10 wt % chromium. When the alloys are to be used in applications where the working temperatures 
are above 600°F (318°C) but not above 1000°F (538°C) the alloys will have between about 18 and about 32 wt %, 
and preferably between about 26 and about 32 wt % molybdenum; between about 8 and about 1 5 wt % and preferably 
between about 10 and about 14 wt % cobalt and less than about 0.5 wt % nickel. When the alloys will be used in 
applications with expected temperatures of less than 600°F (318°C) the molybdenum will be between about 29 and 
about 36 wt %, more preferable between about 29 and about 31 wt %; the cobalt will be between 0 and about 15 wt 
%, more preferable between 0 and about 1 2 wt %; and the nickel will be between 0 and about 14 wt %. When the alloy 
is to be used at temperatures over 1000°F (518°C), the molybdenum will be between about 26 and about 36 wt %, 
and the nickel will be between about 3 and about 14 wt %. If cobalt is used it will be less than about 15 wt %, more 
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preferably less than 12 wt %. Regardless of the application, the alloys will comprise at least 40% iron, and more 
preferably at least 45% iron. Most preferably the balance of the alloy will be iron, with tolerance of the normal impurities 
typically associated with iron base alloys. 

[0039] It should be appreciated that the alloys of the present invention are capable of being incorporated in the form 
5 of a variety of embodiments, only a few of which have been illustrated and described. The invention may be embodied 
in other forms without departing from its spirit or essential characteristics. It should be appreciated that the addition of 
some other ingredients, process steps, materials or components not specifically included will have an adverse impact 
on the present invention. The best mode of the invention may, therefore, exclude ingredients, process steps, materials 
or components other than those listed above for inclusion or use in the invention. However, the described embodiments 
10 are considered in all respects only as illustrative and not restrictive, and the scope of the invention is, therefore, indicated 
by the appended claims rather than by the foregoing description. All changes that come within the meaning and range 
of equivalency of the claims are to be embraced within their scope. 



15 Claims 

1 . A homogeneous iron base alloy with precipitation hardening ability at low temperature, possessing good hot hard- 
ness and excellent wear resistance, comprising: 

20 a) less than 0.1 wt% carbon; 

b) about 6 to about 15 wt% chromium; 

c) about 1 .5 to about 3 wt% silicon; 

d) about 8 to about 15 wt% cobalt; 

e) about 18 to about 32 wt% molybdenum; 
25 f) less than 0.5 wt% nickel; and 

g) at least about 40 wt% iron. 

2. A homogeneous iron base alloy as claimed in claim 1 , wherein the amount of molybdenum is between about 26 
and about 32 wt%. 

30 

3. A homogeneous iron base alloy as claimed in claim 1 or claim 2, wherein the amount of cobalt is between about 
10 and about 14 wt%. 

4. A homogeneous iron base alloy as claimed in anyone of the preceding claims, wherein the amount of molybdenum 
35 and cobalt together is greater than 28 wt%. 

5. A homogeneous iron base alloy possessing good hot hardness and excellent wear resistance, comprising: 

a) less than about 0.1 wt% carbon; 
40 b) about 6 to about 15 wt% chromium; 

c) about 1 .5 to about 3 wt% silicon; 

d) about 29 to about 36 wt% of molybdenum; 

e) about 0 to about 1 5 wt% cobalt; 

f) about 0 to about 14 wt% nickel; and 
45 g) at least about 40 wt% iron. 

6. A homogeneous iron base alloy as claimed in any one of the preceding claims, wherein the amount of molybdenum 
is between about 29 and about 31 wt%. 

so 7. a homogeneous iron base alloy as claimed in any one of the preceding claims, wherein the amount of chromium 
is between about 6 and about 10 wt%. 

8. A homogeneous iron base alloy as claimed in any one of the preceding claims, wherein the amount of silicon is 
between about 1.5 and about 2.5 wt %. 

55 

9. A homogeneous iron base alloy as claimed in any one of claims 5 to 8, wherein the alloy contains at least one of 
nickel or cobalt, the total amount of nickel and cobalt being greater than 3 wt% but not more than 15 wt%. 
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10. A homogeneous iron base alloy as claimed in any one of the preceding claims, wherein the amount of iron is 
greater than about 45 wt%. 

11. A homogeneous iron base alloy possessing good hot hardness and excellent wear resistance, comprising: 

5 

a) less than about 0.1 wt% carbon; 

b) about 6 to about 15 wt% chromium; 

c) about 1 .5 to about 3 wt% silicon; 

d) about 26 to about 36 wt% molybdenum; 
10 e) about 0 to about 1 5 wt% cobalt; 

f) about 3 to about 14 wt% nickel; and 

g) at least about 40 wt% iron. 

12. A homogeneous iron base alloy as claimed in any one of the preceding claims, wherein the alloy has a high 
15 temperature, pin-on-disc sliding wear resistance, measured using ASTM 699-90 at 800°F (427°C), at 0.13 m/s for 

510 m, of less than 50 milligrams. 

13. A homogeneous iron base alloy as claimed in any one of the preceding claims, wherein tungsten comprises less 
than about 5 wt% of the alloy. 

20 

14. A homogeneous iron base alloy as claimed in any one of the preceding claims, wherein the alloy has a hardness 
at room temperature of at least 45 on a Rockwell C scale. 

15. A part for an internal combustion engine component comprising a homogeneous iron base alloy as defined in any 
25 one of claims 1 to 14. 

16. A part as claimed in claim 15 which is a valve seat insert. 

17. A part as claimed in claim 15 or claim 16. wherein the part is formed by casting the alloy, hardfacing with the alloy 
30 either in wire or powder form, or wherein the part is formed by a powder metallurgy method. 
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